Objective: To examine differences in resting energy expenditure (REE) between black and white smokers in order to determine whether REE might contribute to postcessation weight gain. Design: Cross-sectional and prospective investigation of ethnic differences in REE. Differences in REE between black and white smokers were examined at baseline while all participants were smoking, and again during 2 weeks of abstinence from smoking. Setting: Memphis, Tennessee, USA. Subjects: Sixty-six black and 112 white smokers (age 30.4 y; cigarettes per day 21.4; weight 71.7 kg; body mass index 24.5 kgam 2 ). Results: Black smokers had a signi®cantly lower baseline REE after adjusting for gender and body weight. Changes in REE following smoking cessation did not differ by ethnicity. Conclusions: These results suggest that black smokers may be more energy ef®cient, which could contribute to ethnic differences in postcessation weight gain.
Introduction
The increased prevalence of overweight and obesity among black women relative to white women has been well documented (Flegal et al, 1998; Williamson et al, 1991a) . Over 50% of black women in the United States are overweight, compared to 33.5% of white women (Centers for Disease Control and Prevention, 1997) . Black women also appear to be at increased risk for weight gain over time. For example, among participants in NHANES, the 10 y incidence of major weight gain (! 10 kg) was approximately 50% higher in black women (17.3%) compared to white women (11.7%) (Williamson et al, 1991b) .
The reasons for the increased prevalence of obesity and weight gain among black women, however, are not entirely clear. There is some evidence that increased energy intake and reduced levels of physical activity may play a contributing role (Bild et al, 1993; Burke et al, 1992; Crespo et al, 1996) . However, these behavioral factors do not appear to account entirely for ethnic differences in body weight. Recently, much attention has focused on the potential contribution of physiologic variables such as resting energy expenditure (REE). Several studies have found a signi®cantly lower REE among black people compared to white people (Albu et al, 1997; Gannon et al, 2000; Jackic & Wing, 1998; Weyer et al, 1999) . Considering that reduced REE is an important risk factor for weight gain (Ravussin & Swinburn, 1993; Ravussin et al, 1988) , it is likely that an increased level of energy ef®ciency among black people plays an important role in ethnic differences in obesity. Despite several studies ®nding reduced REE in black people, the reason for this lowered REE is not at all understood.
In addition to increased weight gain with age, black men and women also tend to experience larger weight gains following smoking cessation. Williamson et al, (1991b) examined changes in body weight by smoking status over a 10 y period among participants in NHANES. The risk of major weight gain following smoking cessation, de®ned as a gain of at least 13 kg, was 2.9 times greater in black men compared to men of other racial and ethnic groups, and 3.3 times greater in black women. Klesges et al, (1998) also examined ethnic differences in postcessation weight gain over a 7 y period among participants in the Coronary Artery Risk Development in Young Adults (CARDIA) study. The weight gain attributable to smoking cessation (ie weight change for quitters over and above that for continuing smokers) was 6.6 kg in black people, compared to 4.2 kg for white people. Additionally, 52% of black people who quit smoking experienced weight gains in excess of 10 kg, compared to 36% of white people. Thus, black smokers appear to be at increased risk for weight gain following smoking cessation.
The mechanisms responsible for ethnic differences in postcessation weight gain are not well understood. One factor that may play an important role, however, is REE. Cigarette smoking and nicotine administration are associated with an acute increase in REE Perkins et al, 1989 ), which appears to contribute to the lower body weight of smokers relative to nonsmokers (Perkins, 1992b) . It is likely that the loss of the acute thermogenic effects of nicotine following smoking cessation contribute to the increase in body weight that is observed after quitting smoking, as well (Perkins, 1992b) .
It is not clear, however, exactly how REE contributes to ethnic differences in postcessation weight gain. One possibility is that black smokers experience a greater decline in REE following smoking cessation than white smokers, which would promote larger weight gains. Alternatively, it could be that lower overall levels of energy metabolism, rather than changes in REE, place black smokers at greater risk for postcessation weight gain. To date, no published studies have examined ethnic differences in REE among smokers. Thus, this study investigated differences REE between black and white smokers, as well as changes in REE following smoking cessation, in order to determine the possible contribution of energy metabolism to ethnic differences in postcessation weight gain.
Method

Participants
Participants for the present study were 180 male and female smokers. Participants had to be willing to abstain from smoking for a period of 2 weeks, but did not have to want to quit permanently. Data from two subjects who were statistical outliers (Z-scores b AE 4) on one or more baseline measures were excluded. In order to reduce variability in REE, all participants had to be between the ages of 18 and 40 and weigh between the 10th and 90th percentiles for their age and gender based on actuarial tables. To control for hormonal in¯uences on REE, female participants were required to be premenopausal and have regular menstrual cycles in order to be eligible for the study. Women also could not be pregnant or lactating, and could not be using any type of oral birth control or a Norplant implant to be included in the study. Individuals with medical conditions that affect REE, such as a thyroid disorder or IDDM, or who were taking any medications known to in¯uence metabolic rate were also excluded from the study.
Procedure
Two baseline assessments of REE during periods of ad libitum smoking were conducted approximately one week apart. In order to help control for hormonal in¯uences on REE (Webb, 1986) , all female participants were assessed during the same phases of their menstrual cycles. Female participants were asked to contact the laboratory at the onset of menstruation, and laboratory sessions were scheduled approximately 7 and 14 days later. To help control for seasonal variations in energy expenditure, male participants were paired with a female`partner' and assessed on a similar schedule.
Baseline assessments were followed by a 2 week rest period during which no data were collected. This was done to ensure that female participants would be assessed during the same phases of their menstrual cycle at baseline and follow-up. Female participants were again asked to contact the lab at the onset of their next menstrual cycle. At that time, participants were instructed to quit smoking for the next 2 weeks. Participants received a brief, one-session behavioral intervention to assist them with quitting smoking. Follow-up assessments were scheduled for approximately 7 and 14 days later. Participants were paid $250 for completing all laboratory assessments, and an additional $200 if they were able to abstain from smoking for the entire 2 week period. The study protocol was approved by The Institutional Review Board at The University of Memphis.
Measures
(1) Smoking status was assessed through self-report and alveolar carbon monoxide (CO) level. A cutoff of 10 parts-per-million (ppm) was used to classify participants as nonsmokers. Because CO has a relatively short half-life of approximately 3 ± 5 h (Landaw, 1973) , weekly spot checks of smoking status were also conducted during the 2 weeks in which participants were asked to quit smoking. Participants were contacted by phone and were required to make themselves available within 3 h for measurements of their CO level. To reduce the inconvenience associated with this procedure, participants were asked in advance to provide a list of times when they knew they would not be available for spot checks. To be classi®ed as abstinent, participants had to report complete and continuous abstinence since their quit date and produce all CO values below the cut-off. (2) Body weight was obtained using a Detecto digital scale. Participants were measured in their clothes, but with shoes, jackets and heavy outer garments removed. Baseline body weight consisted of the average of the two measurements obtained while participants were smoking. The average of the two assessments collected while participants abstained from smoking was used for the follow-up. (3) Resting energy expenditure was estimated through indirect calorimetry using an open-circuit canopy collection system (Medical Graphics Corporation, Minneapolis, MN). Assessments were conducted in the late afternoon in a temperature and humidity controlled environment. Because eating and nicotine intake both produce acute increases in REE (Perkins, 1992b; Ravussin & Bogardus, 1992) , all measurements were obtained following a 6 h fast and 1 h of abstinence from smoking in order to control for the thermogenic effects of feeding and smoking. Participants were measured at rest in a supine position for 20 min following a 5 min acclimation period (Isbell et al, 1991) . The average of the two measurements of Ethnicity, smoking and resting energy expenditure MW Vander Weg et al REE obtained while all participants were smoking was used as the baseline. Follow-up values were based on the average of the third and fourth measures, which were obtained after participants had quit smoking. Averages were used because they are generally considered to be more statistically reliable than individual values, and because using averages helps to avoid the loss of subjects due to occasional missing values (Hatsukami et al, 1988) . Correlations between the ®rst and second measures of REE, and between the third and fourth measures were statistically signi®cant (P`0.001).
Approach to data analysis Baseline ethnic differences on a variety of demographic, anthropometric, and smoking-related variables were investigated using independent-samples t-tests. Separate variance estimates were used when appropriate. Ethnic differences in baseline REE were investigated by analysis of covariance. Changes in REE and body weight following smoking cessation were investigated with a repeated measures analysis of covariance. Because there were signi®cant group differences in body weight and considering that weight was signi®cantly related to both baseline REE (r 0.68, P`0.001) and change in REE (r 0.21, P 0.025), baseline weight was included in each of the REE models as a covariate. In order to control for differences in REE between men and women (Arciero et al, 1993) , gender was also included as a covariate in both cross-sectional and prospective analyses. Age, smoking rate, and CO level were also considered for inclusion as covariates. However, because these variables were not signi®cantly related to baseline REE or change in REE, they were not included in any of the models.
Results
Baseline comparisons
Baseline ethnic differences are presented in Table 1 . Black people in the sample were older, and had been smoking for a longer period of time. Black participants also weighed more, and had a higher mean body mass index (BMI). The white participants smoked more cigarettes per day, and had higher CO levels. Baseline differences in REE are presented in Table 2 . After controlling for gender and body weight, black smokers had a signi®cantly lower resting metabolic rate than white smokers, F (1,174) 5.4, P 0.021. The mean REE of black smokers was approximately 4% lower than that of white smokers, a difference of about 327 kJ (78 kcal) per day.
Changes in resting energy expenditure and body weight
The sample sizes for the prospective analyses are considerably lower than those conducted at baseline due primarily to subject attrition (n 2) and failure of many participants to quit smoking (n 56). Two additional participants who were statistical outliers on follow-up measures were also excluded from the prospective analyses. A total of 118 participants were included in the analysis of change in REE following smoking cessation (37 black, 81 white). Despite the reduced sample size, black participants still had a signi®cantly lower baseline REE than white participants, F(1,114) 6.3, P 0.014.
Changes in REE after smoking cessation as a function of ethnicity are presented in Table 3 . The ethnicity Â time interaction was not signi®cant, F (1,114) 0.04, P 0.85, indicating that changes in REE following cessation did not differ by ethnicity. There was a slight, but nonsigni®cant increase in REE following smoking cessation, F(1,114) 2.7, P 0.11. The main effect for ethnicity was signi®cant, with black participants again having a lower REE than white participants, F(1,114) 5.7, P 0.019. Body weight increased signi®cantly following smoking cessation, F(1,115) 5.5, P 0.021, but did not differ by ethnicity, F (1,115) 0.013, P 0.91. On average, participants' body weight increased by 0.84 kg (s.e. 0.12) after quitting smoking.
Discussion
This study assessed resting energy expenditure in black and white smokers in order to investigate whether variability in REE might contribute to ethnic differences in postcessation weight gain. Black smokers had a signi®cantly lower mean REE than white smokers. REE did not decrease following smoking cessation in either ethnic group.
These results are in agreement with several previous studies of nonsmokers which also found a lower rate of resting energy expenditure among black individuals compared to white individuals (Gannon et al, 2000) . Collectively, these results suggest that black people have lower energy requirements than white people. Although the 13.9 6.2 11.7 6.9 2.1 0.034 12.5 6.7 Previous quit attempts 4.0 7.0 3.3 3.1 0.7 0.457 3.6 4.9 Note: means adjusted for gender and body weight. Note: means adjusted for gender and baseline body weight.
Ethnicity, smoking and resting energy expenditure MW Vander Weg et al reasons for this are not clear, it may be the result of more ef®cient energy storage and less energy wasting through heat dissipation. This energy-sparing mechanism would be highly adaptive in certain situations, such as those where food is limited. During periods of elevated energy intake such as that which occurs following smoking cessation (Perkins, 1992a) , however, this heightened energy ef®-ciency could lead to a larger subsequent weight gain over time. REE did not decrease following cessation and changes in REE did not differ between black and white smokers. Rather than decline, REE actually increased slightly following smoking cessation in both black and white participants, although the change was not statistically signi®cant. While an increase in REE following cessation may appear counterintuitive given the thermogenic effects of smoking, this ®nding is consistent with the principles of energy balance. Increases in body weight and energy intake, which are both commonly observed following smoking cessation (Klesges et al, 1989; Perkins, 1993) , are typically accompanied by a compensatory increase in energy metabolism (Schutz, 1995) . Thus, the slight increases in REE that were observed were probably due to the body's attempt to maintain energy balance through thermoregulation. The absence of a decrease in REE is consistent with the majority of the previous research in this area (see Perkins, 1992b for a review), and suggests that chronic changes in metabolic rate are probably not a signi®cant contributor to postcessation weight gain.
Consistent with the literature in this area, smoking cessation was associated with a signi®cant increase in body weight. However, unlike previous long-term studies (7 ± 10 y) that reported larger postcessation weight gains among black smokers compared to white smokers (Klesges et al, 1998; Williamson et al, 1991b) , no ethnic differences in weight change were observed in the present study. Considering that the present study focused on short-term changes after quitting smoking, the lack of ethnic differences in weight gain observed here is not surprising. It is likely that the in¯uence of factors such as ethnic differences in REE on postcessation changes in body weight are seen gradually over a longer period of time.
There are limitations to the present study that should be acknowledged. First, the acute thermogenic effects of smoking were not measured as part of the study. While the more chronic effects of smoking cessation on REE do not appear to differ by ethnicity, the possibility that black smokers might experience greater short-term increases in energy expenditure from smoking cannot be ruled out. Given that black smokers metabolize nicotine more slowly than white smokers (Perez-Stable et al, 1998) , it may also be that black smokers experience a prolonged increase in energy expenditure after smoking. Such differences in the acute thermogenic effects of nicotine could help to account for the greater weight attenuating effects of smoking among black smokers. Additionally, not all of the components of energy expenditure were assessed (eg dietinduced thermogenesis, the energy cost of physical activity). It is possible that the combined thermogenic effects of nicotine with feeding and physical activity differ between black and white smokers. Thus, while chronic changes in REE following smoking cessation do not appear to differ by ethnicity, it is possible that black smokers experience a greater relative loss of some of the more acute thermogenic effects of smoking, which could also contribute to ethnic differences in postcessation weight gain.
In summary, black smokers had lower baseline levels of resting energy expenditure than white smokers. Changes in REE after quitting smoking did not differ by ethnicity. These results add to a growing literature ®nding reduced levels of REE among black people compared to white people. This heightened energy ef®ciency may be one of the factors contributing to the increased prevalence of obesity among black women, as well as ethnic differences in postcessation weight gain.
